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In Transduced Somatic Cells, the Vast Majority of 
Untoward Events of Insertional Mutagenesis Results From 

Enhancer-Mediated Cis-Activation by the Provirus 

Cis-Activation Cis-Activation 

Silencing & Position-Effect 
Variegation 

- - 

Silencing & Position-Effect 
Variegation 



Design of Self-Inactivating Retroviral and Lentiviral Vectors 
To Eliminate the Enhancer/Promoter Activity of the LTRs 
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The Chicken cHS4 Insulator Blocks Enhancers from 
Activating Promoters (G. Felsenfeld and COIL) 
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Retroviral LTRs Silence LCR/P-Globin Constructs 
in Transgenic Mice 

3’ enhancer 4 
2.7 Kb P-LCR 

MoMLV LTR MSCV LTR 
Ntg m pm4 3x 

Copy number 0 1 2 1 7 17 22 65 0 1 1 5 8 15 6 25 15 
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with permission from J. Ellis, Toronto 
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The cHS4 Insulator Blocks Retrovirus Silencing 
in T ransgenic M ice 

cHS4 cHS4 

Copy number 

Human P-globin b 
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%  Expression 
Per Tg COPY 

2.7 Kb p-LCR 

Insulated construct 
NTG pD 3xpD 

1 1 2  5  4  12 17 0  1  

43 32 12 64 21 7  0  100 
with permission from J. Ellis, Toronto 



Establishing Provirus Boundaries with the cHS4 Insulator 
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Stable, High-titer Transfer of cHS4 Insulators in 
Complex LCRIP-Globin SIN Lentiviral Vectors 

Fold decrease in titer from 1.5 x lo9 / ml i 1 3.6 
Endogenous band - 

Endogenous band - 

Human P-globin probe 



Resuming Gene Therapy Trials for X-SCID? 

Construction of an Insulated MoMLV-Derived Retroviral Vector 
Expressing the Human yc Chain 
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